1. Introduction
===============

Condylar injuries are often a matter of discussion and controversy among maxillofacial topics ([@b1-epj-08-3144]). These traumas constitute 11--16% of all facial fractures ([@b2-epj-08-3144]--[@b5-epj-08-3144]) and 30--40% of mandibular fractures ([@b3-epj-08-3144]--[@b7-epj-08-3144]). Anatomically, the subcondylar area is the distal part of the condylar process. This area is superiorly confined to the line passing through the sigmoid notch and anteriorly to the line obliquely connecting the sigmoid notch to the masseter tuberosity ([@b8-epj-08-3144]). This area has a great clinical value due to important components such as the facial nerve and temporomandibular joint (TMJ). Both of these are prone to functional disability due to either the fracture itself, or the surgical intervention. Different stages of dislocation, displacement, comminution and fracture line are dependent on the force magnitude, point of application and transmission, and the patient's mandibular position and occlusion, during the trauma ([@b8-epj-08-3144]). One of the reasons that cause condylar fractures to be of paramount importance in maxillofacial surgery, is that many ensuing complications are connected to a condylar fracture, whether it is treated or not. Even though early clinical results are seen to be good, complications such as pain, restriction of movement, muscle spasms, mandibular deviation, malocclusion, pathologic alterations of the TMJ, osteonecrosis, facial asymmetry, and ankylosis may be evident later ([@b9-epj-08-3144]--[@b13-epj-08-3144]). Other complications related to the condylar fracture are ranged from tympanic bone fracture, fracture of mandibular fossa of temporal bone with or without dislocation of the condylar segment into the middle cranial fossa, injury to the cranial nerves, vascular damage and bleeding, growth inhibition and arteriovenous fistula ([@b14-epj-08-3144], [@b15-epj-08-3144]). As there are controversies around management of condylar fractures, different treatment modalities are suggested in literature ([@b16-epj-08-3144]). The aim of this study was to review the different treatment strategies of these fractures in adults:

1.  Closed reduction with maxillomandibular fixation (MMF)

2.  Open reduction with internal fixation (ORIF)

3.  Endoscopic-assisted reduction with internal fixation (ERIF)

2. Discussion
=============

2.1. Closed reduction with maxillomandibular fixation
-----------------------------------------------------

Closed reduction was historically considered the standard treatment for subcondylar fractures ([@b17-epj-08-3144]). The assumption that a closed reduction will result in fewer complications, though the esthetics and functionality will be just the same as an ORIF treatment, induced this method as the common procedure. The noninvasive nature of this method will consequently result in a very little to no facial nerve damage or scaring ([@b18-epj-08-3144]). Despite this knowledge, and much debating, authors are still unable to agree on an absolute treatment plan for management of condylar fractures. Some publications, state no marked difference between the results of open or closed treatments ([@b16-epj-08-3144], [@b19-epj-08-3144]--[@b21-epj-08-3144]). Closed treatment however, is considered undesirable in some other studies ([@b17-epj-08-3144], [@b22-epj-08-3144], [@b23-epj-08-3144]). Unfortunately no clinical trial large enough is available on this matter to answer these questions. Duration of MMF is another matter of conflict for the closed reduction approach. It is mentioned in different articles that duration of MMF has a range of two to six weeks ([@b8-epj-08-3144]). The shortest time for MMF is chosen by surgeons, to avoid possible ankylosis of the temporomandibular joint ([@b24-epj-08-3144]). The precise reason for the ankylosis is yet to be explained but in theory, the bleeding in the joint, hematoma and the following fibrosis and bone generation due to a trauma, could cause the undesired ankylosis ([@b25-epj-08-3144], [@b26-epj-08-3144]). It would thus be wise to assume that TMJ ankylosis is a result of a direct trauma to the joint capsule or condylar head therefore the risk of ankylosis is minor in subcondylar fractures: hence, longer periods of MMF should be considered for a better union in fractures distant from the joint capsule ([@b8-epj-08-3144]). Upon conclusion of the gathered information, the authors suggest 4--6 weeks of MMF in the subcondylar fractures in which the TMJ capsule is not involved. This protocol is also applicable to bilateral fractures in which the fractured segments are not displaced. However in bilateral fractures, segments are more prevalently prone to displacement, thus an ORIF approach is recommended.

2.2. Open reduction and internal fixation
-----------------------------------------

Since the introduction of internal fixation appliances, open reduction of condylar fractures is becoming more popular. Few studies emphasize on the indications of this treatment procedure ([@b27-epj-08-3144]), but as a general rule, the need for anatomic reduction in complex fractures is one reason to employ the open reduction and internal fixation approach. Nowadays, many of the upcoming articles are discussing the better results of the surgical treatment of the condylar fractures, for better occlusion, bone morphology and TMJ function ([@b20-epj-08-3144], [@b28-epj-08-3144]--[@b31-epj-08-3144]). Others however argue that a surgical access to the mandibular condyle, would increase the risk of trauma to the facial nerve and leave unpleasant scaring ([@b27-epj-08-3144], [@b32-epj-08-3144]--[@b34-epj-08-3144]). Hypertrophic scaring in 7.5% of cases are said to be quite tangible and significant ([@b27-epj-08-3144]). However the superior anatomic reduction and better functional results, induce ORIF as the treatment of choice in patients with complex conditions. Another advantage would be the immediate capability of the patient to move the injured area, reducing the MMF required time and thus lowering the risk of ankylosis ([@b8-epj-08-3144]). In cases of major displacement and loss of functional occlusion, when a closed reduction is not possible, ORIF is indicated and the result would overcome the presumptive complications ([@b29-epj-08-3144]). To access the fractured area, different approaches are available and surgeons would decide upon a suitable approach, based on experience and personal taste. Some of these approaches are periauricular, submandibular, retromandibular antroparotid and retromandibular transparotid. The retromandibular antroparotid with a two centimeter incision under the ear lobule is utilized in this center. Post-surgical scaring is less evident in this approach and no entry to the parotid gland occurs, preventing complications such as salivary fistula ([@b35-epj-08-3144]).

2.3. Endoscopic-assisted reduction and internal fixation
--------------------------------------------------------

ERIF is said to be embracing the benefits of both the closed and the open techniques. The resulting scar is very minor, no facial nerve damage is expected and a functional occlusion is ensured with anatomic reduction. An excellent visibility is achieved through the endoscope. This method is also swifter in comparison to other extraoral techniques ([@b36-epj-08-3144]). According to literature, it is said that by using the endoscope, a variety of methods are possible. ([@b37-epj-08-3144]--[@b39-epj-08-3144]), although an intraoral approach is most commonly used by the surgeons utilizing an endoscope ([@b40-epj-08-3144], [@b41-epj-08-3144]). This approach is also used in this center, and a small incision on the skin suffices the entry of the trocar. The majority of the subcondylar fractures can be managed by this method, however an ORIF procedure would be the treatment of choice in cases of significant displacements. Despite the preponderance and imperfections of the mentioned methods, the goal is achieving the premorbid and normal function of the patient with minimal damage. Pointing out the best procedure is certainly not easy assay and many factors influence the matter, so the aim of this review was to summarize the available methods, and their advantages and disadvantages, in order to help make the decision easier. Due to different techniques and materials and more importantly the position and kind of the subcondylar fracture, choosing the right treatment protocol is a challenge every time. Despite the many clinical researches available on management of condylar fractures, it still remains a matter of debate ([@b36-epj-08-3144]). The modern day surgical techniques such as the endoscope-assisted technology, reducing the morbidity rate, again raises the question of choosing either the open or closed treatment technique ([@b42-epj-08-3144]). The closed technique is continues to be the most commonly used for medium to large displacements ([@b43-epj-08-3144]). Retrospective and prospective studies in literature comparing open and closed treatments, report that the surgical procedure has no superiority to the closed technique as in function, range of motion, occlusion, contour, sensory or motional function retrieval. The most common complaint of patients after six months was chronic pain after the closed reduction and a noticeable scar after the surgical treatment ([@b22-epj-08-3144], [@b44-epj-08-3144], [@b45-epj-08-3144]). M. Gupta et al. concluded that after both treatment protocols, the patients presented similar occlusion, retention of the reduced part's fixation, trismus index, mandibular movements and chewing sufficiency. The notable differences were the patient's discomfort during mandibular movements, chewing, swelling, neurogenic complications and parotid fistula on occasion after surgery ([@b1-epj-08-3144]). However several radiologic studies demonstrate a better anatomical reduction after the ORIF treatment ([@b19-epj-08-3144], [@b45-epj-08-3144]--[@b49-epj-08-3144]). The study of conservative treatment of 466 condylar fractures carried out by Zachariades et al., concluded that the closed technique is the treatment of choice for most of the subcondylar fractures, unless when there isn't a recoverable occlusion, severe displacement, loss of height of ramus or an edentate patient where the open reduction is indicated ([@b50-epj-08-3144]). Other ever growing studies however, emphasize on the benefits of surgery. Two prospective randomized, multi-center studies by Eckelt et al. ([@b46-epj-08-3144]) and Schneider et al. ([@b48-epj-08-3144]) mentioned that the two indicators for surgery are the condylar angle of 10--45° and the loss of more than two millimeters of the ramus height. These studies also concluded that despite the surgical technique, anatomic reduction, mouth opening, lateral and forward movements of the mandible and the lower rate of pain and discomfort of the patients were considered beneficial in the ORIF group. The study by Lee JW et al., and AL-moraissi et al., are also in accordance with the latter argument ([@b51-epj-08-3144], [@b52-epj-08-3144]). However there are some studies about complications of open surgeries which indicate that permanent deformity and dysfunction after surgery is very rare ([@b27-epj-08-3144]), also the mandibular and condylar mobility is better ([@b29-epj-08-3144], [@b30-epj-08-3144]) and opening incisor pathway is much more normal ([@b31-epj-08-3144]) and also due to not decreasing the ramus height, less asymmetry is visible ([@b28-epj-08-3144]). Kokmueller et al. ([@b36-epj-08-3144]) in 2012 carried out a study to assimilate the endoscope-assisted transoral treatment and closed reduction of subcondylar fractures. Both closed reduction and the endoscopic surgery had acceptable results. Patients undergoing surgery had more complaints in the short run, but they were presented with fewer symptoms in long term follow ups. Patients with endoscopic treatment had better occlusion parameters both in early and late follow up sessions. It is mentioned several times in literature that the surgical complications of patients are far less, when treated transorally by the endoscopic-assisted method ([@b19-epj-08-3144], [@b23-epj-08-3144], [@b53-epj-08-3144], [@b54-epj-08-3144]). Authors using the endoscopic method to treat subcondylar fractures believe that a single intraoral incision would be sufficient to reduce a laterally displaced condyle. Even for lateral dislocations of the subcondylar area, an intraoral approach is suggested, due to the unperceptive scar, no matter how challenging it may be ([@b40-epj-08-3144], [@b41-epj-08-3144]). It is wise to emphasize on the short duration of this procedure also ([@b41-epj-08-3144]), butfor the surgeons who are newly utilizing this method, there is probably much more time to perform the anatomic reduction and do the surgery than the conventional extraoral methods. But according to the learning curve that is considered for endoscopic treatment, this time will soon be decreased ([@b55-epj-08-3144]). For more complicated malocclusions and bigger dislocations however, the open technique is preferable.

3. Conclusions
==============

Overall it is safe to declare that endoscopic surgery is certainly a good replacement for approaches through the skin, for subcondylar fractures. Avoiding the complications related to the traditional open technique such as the facial nerve damage, scarring and those related to the close technique such as the lengthened MMF, non-anatomical reduction and difficulties associated with mandibular movements, have deemed the endoscopic method a favorite among surgeons. With enhanced experience of the surgeons toward the endoscopic technique the controversies over the right treatment choice would slowly subside.
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